S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



European Journal of Obstetrics and Gynecology 274 (2022) 117-127

Contents lists available at ScienceDirect

European Journal of Obstetrics & Gynecology and
Reproductive Biology

N journal homepage: www.journals.elsevier.com/european-journal-of-obstetrics-and-gynecology-and-
ELSEVIER reproductive-biology

Review article ' :.)

Check for

The impact of mitigation measures on perinatal outcomes during the first [
nine months of the COVID-19 pandemic: A systematic review with
meta-analysis

Sarah Hawco ™, Daniel L. Rolnik °, Andrea Woolner ¢, Natalie J. Cameron ¢, Victoria Wyness ©,
Ben W. Mol *", Mairead Black ®

@ Aberdeen Centre for Women’s Health Research, Institute of Applied Health Sciences, School of Medicine, Medical Sciences and Nutrition, University of Aberdeen,
Aberdeen, UK

Y Department of Obstetrics and Gynaecology, Monash University, Clayton, VIC 3168, Australia

¢ Aberdeen Centre for Women’s Health Research, Institute of Applied Health Sciences, School of Medicine, Medical Sciences and Nutrition, University of Aberdeen,
Aberdeen, UK

4 School of Medicine, Medical Sciences and Nutrition, University of Aberdeen, Aberdeen, UK

€ Department of Obstetrics and Gynaecology, NHS Grampian, UK

f Aberdeen Centre for Women’s Health Research, Institute of Applied Health Sciences, School of Medicine, Medical Sciences and Nutrition, University of Aberdeen,
Aberdeen, UK

8 Aberdeen Centre for Women'’s Health Research, Institute of Applied Health Sciences, School of Medicine, Medical Sciences and Nutrition, University of Aberdeen,
Aberdeen, UK

ARTICLE INFO ABSTRACT

Keywords: Worldwide reports have produced conflicting data on perinatal outcomes during the COVID-19 pandemic. This
COVID-19 systematic review and meta-analysis addressed the effect of mitigation measures against COVID-19 on preterm
SARS-CoV-2

birth, stillbirth, low birth weight, and NICU admission during the first nine months of the pandemic.

. A search was performed using MEDLINE, Embase and SCOPUS for manuscripts published up until 24th May
Perinatal outcomes . . . . . . . P
Preterm birth 2021. Studies that reported perinatal outcomes (preterm birth, stillbirth, low birth weight, NICU admission)
Stillbirth during the COVID-19 pandemic with a pre-pandemic control period were included. Risk of bias assessment was
performed using ROBINS-I tool. RevMan5 was used to perform meta-analysis with random-effects models. A
score of the stringency of mitigation measures was calculated from the Oxford COVID-19 Government Response
Tracker.

Thirty-eight studies of moderate to serious risk of bias were included, with varied methodology, analysis and
regional mitigation measures, using stringency index scores. There was no overall effect on preterm birth at less
than 37 weeks (OR 0.96, 95% CI 0.92-1.00). However, there was a reduction in preterm birth at less than 37
weeks (OR 0.89, 95% CI 0.81-0.98) and 34 weeks (OR 0.56, 95% CI 0.37-0.83) for iatrogenic births and in
singleton pregnancies. There was also a significant reduction in preterm births at less than 34 weeks in studies
with above median stringency index scores (OR 0.71, 95% CI 0.58-0.88). There was no effect on risk of stillbirth
(OR 1.04, 95% CI 0.90-1.19) or birth weight. NICU admission rates were significantly reduced in studies with
above median stringency index scores (OR 0.87, 95% CI 0.78-0.97). The reduction in preterm births in regions
with high mitigation measures against SARS-CoV-2 infection is likely driven by a reduction in iatrogenic births.
Variability in study design and cohort characteristics need to be considered for future studies to allow further
investigation of population level health measures of perinatal outcomes.

Mitigation measures

Introduction women live their lives, while also affecting logistics of worldwide ma-
ternity services. The impact of these changes on pregnancy outcomes,
The COVID-19 pandemic has led to myriad changes in how pregnant including preterm birth, remains unclear.
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Early in the pandemic, a substantial reduction in very low birth-
weight neonates and a rise in stillbirth rates were reported from Ireland
[1] and London [2] respectively. Subsequently, studies from USA [3]
and Botswana [4] reported a substantial reduction in preterm birth rates
below 28 and 32 weeks gestation, while others, from China [5,6] and
London [2], reported no difference in overall preterm birth rates before
37 completed weeks gestation.

Approaches to comparing obstetric outcomes between the pandemic
and pre-pandemic months have led to diverse analyses, which are
challenging to compare due to the different variables addressed and the
extent of analyses. Establishment of the COVID-19 pandemic cohorts
almost exclusively coincides with the implementation of SARS-CoV-2
mitigation measures, such as hand hygiene, face masks and commu-
nity lockdown with social and travel restrictions. However, the strin-
gency of these measures differed significantly between countries and
studies, so the relationship with perinatal outcomes has not been
addressed.

The initial systematic review of maternal and fetal outcomes by
Chmielewska et al. [7] found that during the first year of the pandemic
there was an increase in stillbirths, with high income countries also
reporting a reduction in preterm birth before 37 weeks, particularly
spontaneous births. The publication of additional studies potentially
modified the results of the subsequent meta-analysis by Yang et al. [8]
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who identified a reduction in preterm births before 37 weeks, with a
decrease in spontaneous and iatrogenic births, with no effect on the
stillbirth rate.

This current study is a systematic review and meta-analysis of pub-
lished evidence on the relationship between SARS-CoV-2 mitigation
measures and perinatal outcomes, with extensive subgroup analysis.
Subgroup analysis included assessment of risk of preterm birth, still-
birth, low birth weight and neonatal intensive care (NICU) admission by
stringency of lockdown, by singleton and multiple order births, single
centre studies, multicentre studies, and countries’ economic income.
Focusing on the first nine months of the pandemic allowed assessment of
fewer strains of SARS-CoV-2 without potential confounding effects from
vaccination. These results are crucial to understanding whether any true
changes in population obstetric outcomes have occurred, and if so, how
they inform future maternity care and public health measures.

Methods

This  meta-analysis = was  registered with  PROSPERO
(CRD42021254880), and PRISMA and MOOSE guidelines were fol-
lowed. We aimed to address how neonatal outcomes changed during the
early Covid-19 pandemic compared to pre-pandemic, stratified by level
of mitigation measures.

Identification of studies via databases and registers
c Records identified from:
.f_3 Databases Records removed before screening:
= .
o OVID (n = 196) Duplicate records removed
= EMBASE (n = 178) > (n=42)
5 Scopus (n = 187)
o Other sources (n = 5)
R d d Records excluded as published
ecores screene —| before COVID-19 pandemic
(n = 524) (n=6)
) o Reports excluded (n = 480)
(=
= Abftracts assessed for eligibility ., Different study outcome
g No pre-pandemic control
L cohort (n = 23)
Only Covid-19 positive
(n=231)
Full-text articles assessed for Review articles and editorials
eligibility (n = 48) > (n = 155)
Clinical or service guidelines
(n=11)
— Other reason (n = 28)
o Lo . .
2 Studies included in review
E (n=238)
o
£
—/

Fig. 1. PRISMA flowchart [13].
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Search strategy

An electronic search was performed using MEDLINE, Embase and
Scopus databases for manuscripts published until 24th May 2021.
Reference lists were searched for additional studies. Abstracts and full-
text articles were screened by two independent reviewers (SH (MED-
LINE, Embase and Scopus), VW (MEDLINE and Embase) and NC (Sco-
pus)) with studies excluded as shown in the PRISMA flowchart (Fig. 1).

We searched for studies that reported on the impact of mitigation
measures during the COVID-19 pandemic on perinatal outcomes,
including preterm births, stillbirths, low birthweight infants or neonatal
intensive care unit (NICU) admission. Keywords (‘COVID-19’ OR ‘coro-
navirus’ OR ‘SARS-CoV-2') AND (‘preterm birth’ OR ‘preterm delivery’
OR ‘stillbirth’ OR ‘intrauterine death’ OR ‘birthweight’ OR ‘neonatal
intensive care admission’) were used. Studies were included that
compared birth outcomes during a pre-pandemic period with those
during the COVID-19 pandemic where mitigation measures against
SARS-CoV-2 were implemented.

The following exclusion criteria were applied: case reports, system-
atic reviews, studies without control cohorts pre-mitigation measures,
non-English language and studies restricted only to women positive for
SARS-CoV-2 infection. The full results of the Scopus database search are
in Supplementary Table S.4.

Data extraction and outcome measures

The following data were extracted by two independent reviewers (SH
and AW): country of study, regional or national cohort, mitigation
measures implemented, primary outcomes, definition of preterm birth,
inclusion criteria, exclusion criteria, methods used for analysis, data
source, cohort size, number of cases of SARS-Cov-2 infection in the
cohort. Study methodology, cohort characteristics and the timing of the
cohort to the degree of mitigation measures were assessed.

The extent of mitigation measures against the transmission of SARS-
CoV-2, including hand hygiene advice, physical distancing, closure of
public services, travel restrictions, were assessed using the Oxford
COVID-19 Government Response Tracker [9]. The published daily
stringency index score (out of 100) for the duration of the exposure
cohort was used to calculate a mean stringency index score. Regional or
state score was used in preference to national scores, where appropriate.
Countries were characterised as low, lower-middle, upper-middle or
high income using the World Bank income classifier [10].

The primary outcome assessed the effect of the pandemic on preterm
birth rates. Quantitative synthesis was performed for preterm birth at
less than 37 weeks, less than 34 weeks, less than 32 weeks and less than
28 weeks gestation, Table 2 (Forest plots shown in Figs. 2, 3 and sup-
plementary data). Where available, spontaneous and iatrogenic preterm
birth rates were reviewed. Secondary outcomes included stillbirth rates,
very low birth weight (less than 1500 g), extremely low birth weight
(less than 1000 g) and NICU admission.

Pre-planned subgroup analysis was performed for studies with high
(greater than median) and low (less than median) stringency index
scores, studies including only singleton pregnancies, studies with sin-
gletons and multiple order births, studies from single centre units,
studies from multicentre units (including national studies), studies from
high income settings, and those from middle-income settings.

Studies were assessed for risk of bias using the Risk Of Bias In Non-
randomised Studies of Interventions (ROBINS-I) tool [11] by two inde-
pendent authors (SH and NC). Risk of bias gradings were assigned
overall following each of the seven individual domains; bias due to
confounding, selection of participants, classification of interventions,
deviations from intended interventions, missing data, outcome mea-
surement, section of the reported result.

Results were pooled using Review Manager 5.4.1 (RevMan5).
Between-study heterogeneity was assessed using the I statistic. Meta-
analysis was performed using the Mantel-Haenszel method and
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random-effects models, with estimation of the between-study variance
calculated with the DerSimonian and Laird method. There was no public
involvement in the study and no funding was sought.

Results
General characteristics

As shown in the PRISMA flowchart (Fig. 1), 566 papers were iden-
tified, with duplicates removed (n 42). Titles were screened for
eligibility, with 6 records published before 2020 removed. Abstracts
were assessed for 518 studies with 480 excluded. Full papers were
assessed for 48 studies of which 38 were included in the systematic re-
view (Table 1).

All studies were assessed as moderate risk of bias, with the exception
of Kc et al. [12] which was assessed as serious risk of bias, Supplemen-
tary Table S.1.

Study characteristics and methodology are shown in Table 1 and
Supplementary Table S.2 respectively. All studies adopted a retrospec-
tive approach to data collection, conducting a comparison of obstetric
outcomes during the pandemic with the months immediately preceding
lockdown, corresponding months in 2019 and longer cohorts over the
preceding two to nine years. Thirty-three studies [1-6,14-40] used
comparative cohorts for analysis, with five studies [12,41-44]
employing interrupted time series analysis. Sixteen studies
[3,4,12,15-17,19,23,26,28,30,31,36,37,41,43] provided adjusted and
unadjusted results. Publication bias was assessed for outcomes with 10
or more studies and the funnel plots are shown in Supplementary
Figure S.9.

Seven studies were performed in middle income countries (three
lower-middle [12,25,45], four upper-middle [4-6,33]), with the
remaining 31 studies occurring in high income countries. Eleven studies
were conducted in Europe [1,2,18,22,27,30,32,37,39-41], 12 in Asia
[5,6,12,14,20,21,23,25,28,29,42,45], 11 in North America [3,15-17,
19,26,31,34-36,44], two in South America [33,38], one in Africa [4],
and one in Australasia [43], A description of the COVID-19 mitigation
measures in place was provided in 15 studies [1,6,12,15,18,22,
23,27,30,37,40-44]. There was considerable variability in the mean
stringency index score between exposed cohorts, from 28.97 [42] to
94.08 [12].

Sixteen studies [4,12,16-19,25,26,30-32,34,37,41-43] reported
multicentre data and 22 studies [1-3,5,6,14,20-23,27-29,33,35,36,38,
39,44,45] reported data from single centres. Mothers testing positive for
SARS-CoV-2 were noted in 13 [2,3,6,14-16,19,28,30,31,34,35,45] out
of the 38 studies, with five studies [4,5,20,22,38] having no identified
infections, three studies [21,22,44] excluding patients who tested pos-
itive and a further 16 studies [1,12,17,18,23,25-27,29,32,33,36,37,
39-43] not reporting rates of SARS-CoV-2 infection. Women with mul-
tiple pregnancies were excluded in 16 studies [1,4,12,14,16,18,
21,22,28-30,34,35,39,41,44].

Primary outcomes studied included preterm birth (n 24)
[2-4,12,16-19,21,22,26-28,30,31,34,35,37-39,41-44], stillbirth (n =
12) [2,4,12,16,20,27,30-32,37,39,45], hospitalisation rates (n = 2),
‘pregnancy complications’ or ‘adverse outcomes’ (n = 4) [4,21,27,38],
‘perinatal results’ (n = 2) [21,38], effect of service change (n = 4)
[15,20,36,40], admission to hospital (n = 4) [23,25,33,40], ‘haemato-
logical impact’ (n = 1) [14], NICU admission rates (n = 2) [42,44],
placental abruption, stillbirth, term NICU admission and low umbilical
cord pH (n = 1) [36] and the prevention of COVID-19 spread in hospital
(n=1)I[5].

Preterm birth rates

Preterm birth rates were reported in 34 out of 38 (89.5%) studies
[2-6,12,14-16,18-20,22,25-31,33-39,41-46]. Three studies were
excluded from the meta-analysis at less than 37 weeks; Kumar et al. [45]
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Fig. 2. Random-effects meta-analysis for odds of preterm birth at less than 37 weeks gestation during the COVID-19 pandemic versus pre-pandemic
period. 2.1 Unadjusted odds ratio. 2.2 Studies in high (>median) stringency index regions. 2.3 Studies in low (<median) stringency index. 2.4 Studies with only
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Simpson et al. 2021 5103 67747 26216 348633 11.5% 1.00 [0.97, 1.03]

Sun et al. 2020 24 40 6 41 0.3% 8.75(2.99, 25.57] Ine—

Total (95% CI) 240408 1021098 100.0% 1.00 [0.94, 1.06]

Total events 18732 77832

Heterogeneity: Tau® = 0.01; Chi* = 85.80, df = 16 (P < 0.00001). I = 81% b o

Test for overall effect: Z = 0.01 (P = 1.00)

singleton births. 2.5 Studies including singleton and multiple order births.
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1 Pandemic Pre-pandemic Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI|
Berghella et al. 2020 30 1197 43 911 7.0% 0.52[0.32, 0.83)
Caniglia et al. 2020 175 3448 472 BO75 13.7% 0.86 [0.72, 1.03) =
Duryea et al, 2021 202 6048 203 6559  13.2% 1.08 [0.89, 1.32] T
Friedrich et al. 2021 21 1838 1765 EBB973 7.8% 0.57 [0.37, 0.88)
Khalil et al .2020 62 1692 42 1655 8.5% 1.46 [0.98, 2.17]
Lemon et al. 2021 169 5396 639 17687 13.8% 0.86 [0.73, 1.02] —
Matheson et al. 2021 63 2427 a0 2481 10.0% 0.71 [0.51, 0.98) ]
Meyer et al. 2021 32 2594 5902 28686 9.3% 0.59 [0.41, 0.85] —
Maor et al. 2020 17 1556 51 4564 5.9% 0.98 [0.56, 1.70) —_—t
Wood etal, 2021 97 4712 83 4644 10.8% 1.16 [0.86, 1.55] T
Total (95% CI) 30908 164235 100.0% 0.85 [0.72, 1.01] L 2
Total events 868 3980
Heterogeneity: Tau® = 0.04; Chi* = 28.93, df = 9 (P = 0.0007); I’ = 69% ‘o 1 052 015 é é 10:
Test for overall effect: Z = 1,84 (P = 0.07) Pandemic Pre-pandemic
Pandemic Pre-pandemic Odds Ratio 0Odds Ratio
2 Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Caniglia et al. 2020 175 3448 472 8075 39.0% 0.86 [0.72, 1.03] -
Friedrich et al. 2021 21 1838 1765 B8%73  16.4% 0.57 [0.37, 0.88] —_—
Matheson et al, 2021 63 2427 90 2481 23.5% 0.71[0.51, 0.98] —
Meyer et al. 2021 312 2594 592 28686 21.1% 0.59 [0.41, 0.85) ——
Total (95% CI) 10307 128215 100.0% 0.71 [0.58, 0.88] <
Total events 291 2919
Heterogeneity: Tau’ = 0.02; Chi* = 5.64, df = 3 (P = 0.13); I = 47% }0 1 052 0%5 i ; 101
Test for overall effect: Z = 3,18 (P = 0.001) Pandemic Pre-pandemic
Pandemic Pre-pandemic 0Odds Ratio 0Odds Ratio
3 Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Berghella et al. 2020 30 1197 43 911 11.7% 0.52[0.32, 0.83]
Duryea et al. 2021 202 6048 203 6559 22.5% 1.08 [0.89, 1.32] —-—
Khalil er al .2020 62 1692 42 1655 14.2% 1.46 [0.98, 2.17] ——
Lemon et al. 2021 169 5396 639 17687 23.6% 0.86 [0.73, 1.02] -
Mor et al. 2020 17 1556 51 4564  9.8% 0.98 [0.56, 1.70] _
Wood et al. 2021 a7 4712 B3 4644 18.2% 1.16 [0.86, 1.55) ——
Total (95% CI) 20601 36020 100.0% 0.98 [0.79, 1.22] <
Total events 577 1061
Heterogeneity: Tau® = 0.04; Chi’ = 15.02, df = 5 (P = 0.01); ¥ = 67% :0 1 012 0¢5 j 5 10:
Test for overall effect: Z = 0.15 (P = 0.88) Pandemic Prepandemic
Pandemic Pre-pandemic Odds Ratio Odds Ratlo
4 Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Caniglia et al. 2020 175 3448 472 8075 24.6% 0.86 [0.72, 1.03] —
Friedrich et al. 2021 21 1838 1765 B8973 11.2% 0.57 [0.37, 0.88] —_—
Lemon et al, 2021 169 5396 639 17687 25.0% 0.86 [0.73, 1.02] |
Meyer et al. 2021 32 2594 592 28686 14.1% 0.59 [0.41, 0.85] —_—
Mor et al. 2020 17 1556 51 4564 7.9% 0.98 [0.56, 1.70] I —
Wood et al, 2021 97 4712 B3 4644  17.2% 1.16 [0.86, 1.55] N
Total (95% CI) 19544 152629 100.0% 0.83 [0.69, 0.99] L 4
Total events 511 3602
Heterogeneity: Taw® = 0.03; Chi* = 11,62, df = 5 (P = 0.04); ¥ = 57% I'O 3 052 U.'S é 55 10=
Test for overall effect: Z = 2.05 (P = 0.04) Pandemic Pre-pandemic
Pandemic Pre-pandemic Odds Ratio Odds Ratie
5 Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Berghella et al. 2020 30 1197 43 911 21.2% 0.52[0.32, 0.83] —_—
Duryea et al. 2021 202 6048 203 6559  29.4% 1.08 [0.89, 1.32]
Khalil er al .2020 62 1692 42 1655 23.6% 1.46 [0.98, 2.17] [
Matheson etal, 2021 63 2427 90 2481 25.8% 0.71[0.51, 0.98] —
Total (95% CI) 11364 11606 100.0% 0.89 [0.61, 1.30] R
Total events 357 378
Heterogeneity: Tau® = 0.12; Chi* = 15.47, df = 3 (P = 0.001); I = 81% 50 1 0§2 D:S i.’ 5: 103

Test for overall effect: Z = 0.60 (P = 0.55)

Pandemic Pre-pandemic

Fig. 3. Random-effects meta-analysis for odds of preterm birth at less than 34 weeks gestation during the COVID-19 pandemic versus pre-pandemic
period. 3.1 Unadjusted odds ratio. 3.2 Studies in high (>median) stringency index regions. 3.3 Studies in low (<median) stringency index. 3.4 Studies with only

singleton births. 3.5 Studies including singleton and multiple order births.
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Table 1

Study characteristics.
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Author Region, Area covered  World Bank Control cohort Exposure Mean Oxford Were mitigation
Country by study classification of timeframe cohort Stringency index measures
national income* timeframe during exposure described
cohort (range)
Arnaez et al. Castilla-y-Leon, Multicentre High 15th March to 3rd May 15th March to 75.61 (41.20 to 85.19) Yes
[371 Spain 2015 to 2019 21st June 2020
Been et al. Netherlands National High 1st Oct 2010 to 31st 9th March to 65.44 (11.11 to 78.7) Yes
[41] March 2020 16th July 2020
Berghellaetal.  Philadelphia, Single centre High 1st March to 31st July 1st March to 65.03** (16.67 to No
[3] USA 2019 31st July 2020 95.48)
Briozzo et al. Montevideo, Single centre High 15th March to 30th 15th March to 50.99 (32.41 to 72.22) No
[38] Uruguay September 2019 30th September
2020
Caniglia et al. Botswana Multicentre Upper-middle 1st January to 31st July 1st January to 86.11 (61.11 to 86.11) No
[4] 2017 to 2019 31st July 2020
De Curtis etal.  Lazio, Italy Single centre High 1st March to 31st May 1st March to 81.80 (63.89 to 93.52) No
[39] 2019 31st May 2020
Dell’Utri et al. Mia, Italy Single centre High 23rd February to 24th 23rd February to  76.24 (52.78 to 93.52) Yes
[40] June 2019 23rd June 2020
Duryea et al. Texas, USA Single centre High 1st May to 31st October 1st May to 31st 57.39 (51.39 to 72.69) No
[36] 2019 October 2020
Friedrich et al. ~ Israel Single centre High 19th April to 27th June 19th March to 78.06 (69.44 to 92.59) No
[14] 2019, and 21st March 27th June 2020
2011 to 18th April 2020
Greene et al. California, USA Single centre High 1st January to 29th 1st March to 67.76** (16.67 to Yes
[15] February 2020 30th April 2020 90.91)
Guetal [5] Jiangsu Single centre Upper-middle 1st January to 28th 1st January to 53.87%* (0 to 81.02) No
Province, China February 2019 29th February
2020
Handley et al. Philadelphia, Multicentre High 1st March to 30th June 1st March to 65.64%* (16.67 to No
[16] USA 2018 & 2019 30th June 2020 85.19)
Harvey et al. Tennessee, USA  Multicentre High 22nd March to 30th April 22nd March to 73.94** (66.67 to No
[17] 2015 to 2019 30th April 2020 75.93)
Hedermann Denmark National High 12th March to 14th April 12th March to 70.18 (37.96 to 72.22) Yes
etal [18] 2015 to 2019 14th April 2020
Janevic et al. New York City, Multicentre High 28th March to 31st July 28th March to 79.65%* (77.22 to No
[19] USA 2019 31st July 2020 82.41)
Justman et al. Israel Single centre High 1st March to 30th April 1st March to 73.69 (37.96 to 72.22) No
[20] 2019 30th April 2020
Kasuga et al. Japan Single centre High 1st April to 30th June 1st April to 30th  38.51 (25.93 to 45.37) No
[21] 2017 to 2019 June 2020
Kcetal [12] Nepal Multicentre Lower-middle 1st January to 20th March 21st March to 94.10 (58.33 to 96.30) Yes
2020 30th May 2020
Khalil et al. England, UK Single centre High 1st October 2019 to 31st 1st February to 52.82 (8.33 to 79.63) No
[2] January 2020 14th June 2020
Kirchengast Venna, Austria Single centre High 1st January to 29th 1st March to 56.18 (11.11 to 81.48) Yes
etal [22] February 2020 and 1st 31st July 2020
January 2005 to 31st
December 2019
Kugelman Haifa, Israel Single centre High 15th March to 12th April 15th March to 83.52 (62.96 to 94.44) Yes
etal [23] 2019 12th April 2020
Kumar et al. New Delhi, Single centre Lower-middle 1st March to 30th 1st March to 72.67 (10.19 to 100) No
[45] India September 2020 30th September
2020
Kumari et al Jodhpur, India Multicentre Lower-middle 15th January to 24th 25th March to 90.78 (75.46 to 100) No
[25] March 2020 2nd June 2020
Lemon et al. Pittsburgh, USA  Single centre High 1st January 2018 to 31st 1st April 2020to  65.73 (53.24 to 85.19) No
[35] January 2020 27th October
2020
Lietal [6] Wuhan, China Single centre Upper-middle 1st January 2019 to 22nd 23rd January to 83.75%* (62.04 to Yes
January 2020 24th March 86.11)
2020
Maeda et al. Japan National High 8th January to 29th April 8th January to 28.97 (2.78 to 47.22) Yes
[42] 2019 28th April 2020
Main et al. California, USA Multicentre High 1st April to 31st July 2016  1st April to 31st 72.08** (67.59 to No
[26] to 2019 July 2020 82.41)
Mathesonetal. ~ Melbourne, Multicentre High 1st July to 30th September ~ 1st July to 30th 73.20 (68.06 to 75.46) Yes
[43] Australia 2019 September 2020
McDonnell Dublin, Ireland Single centre High 1st January to 31st July 1st January to 47.17 (0 to 90.74) Yes
etal [27] 2018 and 2019 31st July 2020
Meyer et al. Tel Aviv, Israel Single centre High 20th March to 27th June 20th March to 80.80 (75.00 to 94.44) No
[28] 2019 and 20th March to 27th June 2020
27th June 2011 to 2019
Mor etal. [29]  Israel Single centre High 21st February to 30th 21st February to  66.72 (19.44 to 94.44) No

April 2017 to 2019
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Table 1 (continued)
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Author Region, Area covered  World Bank Control cohort Exposure Mean Oxford Were mitigation
Country by study classification of timeframe cohort Stringency index measures
national income* timeframe during exposure described
cohort (range)
Pasternak etal. Sweden National High 1st April to 31st May 2015  1st April to 31st 64.54 (59.26 to 64.81) Yes
[30] to 2019 May 2020
Philip et al. Ireland Single centre High 1st January to 30th April 1st January to 33.78 (0 to 90.74) Yes
1] 2001 to 2019 30th April 2020
Richter et al. New York City, Single centre High 16th March to 15th May 16th March to 78.88 (63.89 to 82.41) Yes
[44] USA 2019 15th May 2020
Simpson et al. Ontario, Multicentre High 15th March to 30th 15th March to 63.87** (24.07 to No
[31] Canada September 2015 to 2019 30th September 70.83)
2020
Stowe et al. England, UK National High 1st April to 30th June 1st April to 30th  74.90 (67.59 to 79.63) No
[32] 2019 June 2020
Sun et al. [33] Sao Paulo, Single centre Upper-middle 11th March to 11th June 11th March to 73.72 (11.11 to 81.02) No
Brazil 2019 11th June 2020
Wood et al. Boston, USA Multicentre High 1st April to 31st July 2019 1st April to 31st 70.36%* (62.04 to No
[34] July 2020 75.93)

* Based on GNI per capita 2021.
** Regional/state stringency index score.

as their data was for stillbirths exclusively, Kirchengast et al. [22] as they
recognised preterm as less than 36 weeks, and Maeda et al. [42] as they
were unable to provide data on total number of births. There was a wide
range of gestational breakdown of preterm birth rates. Birth at various
gestational ages up to 37 weeks was reported by 20 studies
[2-4,14,17-20,26,28-31,34-37,39,41,43], with 11 studies
[5,6,12,15,16,21,25,27,33,38,44] reporting only gestational age of less
than 37 weeks as a group.

For the 31 studies included in the random-effects meta-analysis, the
unadjusted odds of preterm birth at less than 37 weeks gestation during
the pandemic period compared (355888 births) to pre-pandemic period
(2341004 births) was 0.96 (95% CI 0.92-1.00), Figure 2.1. The corre-
sponding funnel plot, Figure S9.1, suggests a low risk of publication bias
with clustering around the average. The lower portion of the funnel plot
is empty suggesting there may be some small-scale studies not showing
an association that are missing.

When only singleton pregnancies (14 studies) [4,12,14,18,21,
28-30,34,35,39,41,44] are considered, the reduction in odds of preterm
birth before 37 weeks becomes significant OR 0.91 (95% CI 0.87-0.95),
Figure 2.4, but this is not true when multiple pregnancies are added. Six
studies [3,16,25,34,35,43] reported spontaneous preterm birth and five
studies [3,16,25,35,43] iatrogenic preterm birth at less than 37 weeks
gestation, with a significant reduction in iatrogenic birth (OR 0.89, 95%
CI 0.81-0.98) but no effect seen in spontaneous preterm birth (OR 0.95,
95% CI 0.80-1.14). Subgroup analysis for single centre and multicentre
studies, and high and middle income countries found no difference in
odds of preterm birth at less than 37 weeks, although there was an
overall trend to a reduction (Table 2).

Preterm birth at less than 34 weeks was reported by 10 studies
[2-4,14,28,29,34-36,43], with no overall reduction on meta-analysis,
OR 0.85 (0.72-1.01), Figure 3.1. This reduction became significant
when only singleton deliveries were studied, OR 0.83 (95% CI
0.69-0.99). When studies were divided by the stringency of COVID-19
mitigation measures, there was a significant reduction in preterm
birth before 34 weeks when the stringency index for the study period
was greater than the median, OR 0.71 (95% CI 0.58-0.88), Figure 3.2.
This was not seen for studies with stringency index scores less than the
median, OR 0.98 (95% CI 0.79-1.22), Figure 3.3. When iatrogenic
preterm birth at less than 34 weeks was isolated, this also showed a
significant reduction, OR 0.56 (95% CI 0.37-0.83), with no effect seen
on spontaneous births, OR 0.75 (95% CI 0.51 to 1.10). The odds of birth
at less than 32 weeks and less than 28 weeks did not show a reduction on
overall meta-analysis or subgroup analysis, although a non-significant
trend to reduced odds of preterm birth was apparent.
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Stillbirth rate

Nineteen studies [2,4,12,16,20,25,27-29,31,32,36,37,39,40,43,45]
reported stillbirth rates during the pandemic period with three studies
excluded from the meta-analysis: McDonnall et al [27] due to a lack of
control cohort data, Khalil et al. [2] as there was cohort cross-over with
Stowe et al, [32] and Kc et al. [12] as it reported in-hospital stillbirths only.
Pooled analysis of 255,968 births during the pandemic and 757,267 during
the control cohorts, identified no significant effect on the rates of stillbirth
(OR 1.02, 95% CI 0.89-1.17). Subgroup analysis for stringency index score,
economic setting, single or multicentre studies and the inclusion of multiple
pregnancies did not show statistically significant effects on stillbirth rates
during the pandemic period, although there was a non-significant trend
towards increased rates, Table 2.

Low birth weight

The incidence of low birth weight was described in seven studies, but
definition varied: neonates weighing less than the 10th and 3rd centile
[43], less than 2500 g [12,27,33,38], less than 1500 g [1,17,22,37] and
less than 1000 g [1,22,37]. Pooled analysis of the four studies reporting
very low birth weight (less than 1500 g) and three reporting extremely
low birth weight (less than 1000 g) showed no effect comparing rates
during the pandemic with pre-pandemic when considering the full data
or subgroup analysis, Table S.3.

Neonatal intensive care admission

Admissions to neonatal intensive care (NICU) were reported by 12
studies [2,5,14,15,20,23,28,29,31,36,43,44], with one study [36]
excluded from the meta-analysis which only reported full-term admis-
sions to NICU. There was a non-significant change in admission during
the pandemic period, OR 0.96 (95% CI 0.86-1.08). However, subgroup
analysis showed a significant reduction in studies with above median
stringency index scores OR 0.87 (95% CI 0.78-0.97), Table S.3.

Discussion
Main findings

This systematic review identified a reduction in preterm birth rates at
less than 34 weeks gestation in countries with above median COVID-19
mitigation measures, measured by the Oxford COVID-19 Government
Response Tracker [9]. This may be driven by a reduction in iatrogenic
births.
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Table 2
Pooled analysis for odds of preterm birth during COVID-19 pandemic versus pre-pandemic period.
Subgroup Less than 37 weeks Less than 34 weeks Less than 32 weeks Less than 28 weeks Stillbirth
analysis Number Total Odds ratio Number Total Odds ratio Number Total Odds ratio Number Total Odds ratio Number Total Odds ratio
of studies  sample (95% of studies  sample (95% of studies  sample (95% of studies  sample (95% of studies  sample (95%
size Confidence size Confidence size Confidence size Confidence size Confidence
interval) interval) interval) interval) interval)

All 31 2696892 0.96 (95% CI 10 195143 0.85 (95% CI 14 2563242 0.96 (95% CI 11 2390547 0.94 (95% CI 16 1013235 1.02 (95% CI
(unadjusted) 0.92 to 1.00) 0.72 to 1.01) 0.80 to 1.15) 0.83 to 1.06) 0.89-1.17)
High 14 275116 0.95 (95% CI 4 138522 0.71 (95% CI 8 218355 0.88 (95% CI 2 14526 0.85 (95% CI 11 459871 1.07 (95% CI
stringency 0.88 to 1.04) 0.58 to 0.88) 0.73 to 1.06) 0.25 to 2.92) 0.88 to 1.29)

index score
(>median)

Low stringency 16 1708209 0.95 (95% CI 6 56621 0.98 (95% CI 5 1631320 0.94 (95% CI 8 1662454 0.92 (95% CI 5 553364 0.97 (95% CI
index score 0.89 to 1.01) 0.79 to 1.22) 0.88 to 1.00) 0.78 to 1.08) 0.75 to 1.17)
(<median)

Singletons 14 1435386 0.91 (95% CI 6 172173 0.83 (95% CI 8 1364467 0.92 (95% CI 6 1243966 0.95 (95% CI 7 275217 1.04 (95% CI
only 0.87 to 0.95) 0.69 to 0.99) 0.79 to 1.08) 0.75 to 1.20) 0.77-1.42)
Singletons and 17 1261506 1.00 (95% CI 4 22970 0.89 (95% CI 6 1198775 1.04 (95% CI 5 1146581 0.93 (95% CI 9 738018 1.05 (95% CI
multiples 0.94 to 1.06) 0.61 to 1.30) 0.76 to 1.42) 0.78 to 1.10) 0.91-1.22)
Single centre 17 228494 0.96 (95% CI 7 169356 0.83 (95% CI 4 139356 0.75 (95% CI 3 31311 0.76 (95% CI 8 171014 1.21 (95% CI
studies 0.86 to 1.07) 0.65 to 1.06) 0.41 to 1.38) 0.43 to 1.32) 0.84-1.74)
Multicentre 13 2460372 0.95 (95% CI 3 25787 0.89 (95% CI 10 2423886 1.01 (95% CI 8 2359236 0.96 (95% CI 8 842221 0.99 (95% CI
studies 0.91 to 1.00) 0.70 to 1.13) 0.83 to 1.23) 0.85 to 1.09) 0.88-1.12)
High income 25 2645593 0.96 (95% CI 9 183620 0.85 (95% CI 13 2551719 0.97 (95% CIL 11 2390547 0.94 (95% CI 13 982003 0.95 (95% CI
settings 0.92 to 1.00) 0.69 to 1.04) 0.80 to 1.18) 0.83-1.06) 0.81-1.12)
Middle income 6 51599 1.00 (95% CI 1 - - 1 - - 0 - - 3 31232 1.19 (95% CI
settings 0.81 to 1.23) 0.98-1.45)

Spontaneous 6 58105 0.95 (95% CI 2 7016 0.75 (95% CI 0 - - 0 - - 0 -
birth 0.80 to 1.14) 0.51 to 1.10)

Iatrogenic 5 48749 0.89 (95% CI 2 7016 0.56 (95% CI 0 - - 0 - - 0 -
birth 0.81 to 0.98) 0.37 to 0.83)
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Consideration of stillbirth rates in combination with preterm birth
rates is vital; the consequence of delayed diagnosis of pregnancy com-
plications, for example fetal growth restriction, with expedited preterm
delivery, may increase stillbirth rates. However, this was not demon-
strated, with stillbirth rates varying widely. Stillbirth rates appeared
unchanged in the larger studies, and were not significantly different in
the meta-analysis, supporting the impression that the smaller studies’
results were prone to error linked to publication bias. However, as the
study populations were broad and inclusive, a potential change in risk
for women with pre-existing risk factors for stillbirth cannot be
excluded.

Studies reporting on low and very low birth weight reported con-
tradictory findings, but they were small and potentially underpowered.

A significant reduction in risk of NICU admission during the
pandemic period was observed in studies conducted in areas with above
median stringency index scores. This may be linked to the reduction in
iatrogenic preterm births.

The results presented here are not consistent with previous meta-
analyses [7,8]. The increase in stillbirth rates reported by Chmielewska
et al. [7] was not replicated, probably due to the publication and in-
clusion of additional studies in our review. The effect of economic
setting on preterm birth rates could not be validated in this meta-anal-
ysis. The recent review by Yang et al. [8] found a reduction in preterm
birth at less than 37 weeks in single centre studies, but this was not
replicated. This may be due to the inclusion of different data presented
within single studies, e.g. for different control cohorts or different du-
rations of follow-up in the pandemic group [14,37,41].

Strengths and limitations

A strength of this review is the large number of studies included.
Where necessary, authors were contacted to clarify original data
[41,42,44]. Extensive pre-planned subgroup analysis was performed to
explore differences in reported outcomes, and uniquely on severity of
mitigation measures. Inclusion of an unselected population, low and
high-risk pregnancies, allowed the assessment of effects of population-
level changes on perinatal outcomes.

The time frame of this review was limited to the first 9 months of the
pandemic, when fewer variants of SARS-CoV-2 were present, there was
no vaccination programme and more defined mitigation measures were
in place.

Potential limitations include the retrospective nature of the included
studies, the lack of inclusion of grey literature, and single centre studies
potentially missing changes from attendance at different hospitals with
movement restrictions. The definition of perinatal outcomes varied,
limiting the inclusion of some studies in the meta-analysis.

Interpretation of Findings

The mixed methodology of cohort and interrupted time series anal-
ysis made direct comparison of the studies more challenging. The con-
current reporting of preterm birth and stillbirth rates was mixed; 15
studies [2,4,12,14,16,20,25,28-31,36,37,39,43] reporting both and 18
studies [3,5,6,15,17-19,21,22,26,27,33,34,38,41,42,44] reporting pre-
term birth rates without stillbirth rates. Stillbirths were excluded in five
studies [6,22,35,41,43]. This lack of combined preterm birth and still-
birth data makes interpreting the linked effects of the outcomes more
difficult. The 11 studies [5,6,12,15,16,21,25,27,33,42,44] that reported
only preterm births at less than 37 weeks may have missed any effect at
earlier gestations. Adjusted risk analysis was not always provided, and
the variables accounted for were wide ranging and inconsistent. The
inclusion, or exclusion, of women positive for SARS-CoV-2 infection may
alter the rates of preterm birth, particularly iatrogenic, but inclusion of
these women was poorly reported. Sixteen of the 38 studies failed to
identify positive cases in their cohort and only one study [16] consid-
ered this independently, finding no significant effect on spontaneous or
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iatrogenic preterm birth rates.

The mitigation measures varied between and within countries and were
only described in half of the studies. With widespread national and local
lockdowns, risk of spontaneous preterm birth may have reduced with
improved hygiene and reduced exposure to other pathogens [47,48].
However, meta-analysis demonstrated no effect on spontaneous preterm
births. Social circumstances may also have influenced psychological and
physical stress for pregnant women and changes in provision of maternity
services, as well as women’s attitudes towards attending maternity ser-
vices, in turn affecting care journeys and outcomes [49]. All these factors
are more likely to impact on a subgroup of women already at risk of adverse
perinatal outcomes, e.g. multiple pregnancies. As most women have no
adverse perinatal outcomes, it is possible that an effect would be lost in a
sample which included women who were never at increased risk in the first
place. Analysis of these high risk groups was not possible in this review but
may reveal effects not seen at the population level, as found in a new study
from Melbourne, Australia [50].

There is significant variation in study design and analysis, and the
ideal methodology has yet to be realised. Early studies suggested sig-
nificant changes in preterm birth and stillbirth rates but the larger
studies that followed did not demonstrate this. These allowed for a
greater degree of selection bias and background trends and showed no
significant differences in these outcomes. This review suggests that the
varying cohort timings in relation to when the COVID-19 mitigation
measures were deployed, may have affected the perinatal outcomes.
Most studies specified their ‘exposure’ cohort for the duration of the
mitigation measures. However, this may not capture the effect of miti-
gation measures on perinatal outcomes, particularly for those women
who delivered within the first few weeks and had spent very little time
pregnant with restrictions in place. For those women, any effect on
perinatal outcomes may well be the result of altered maternity care
provision and access. Three studies [1,4,27] included January 2020
(pre-pandemic in most countries) in the exposed cohort, potentially
diluting any effect of mitigation measures. Studies which followed up
the cohort for greater duration, or provided multiple time-periods for
control and exposed cohorts showed that the risk of adverse perinatal
outcomes varied with the different time points [1,4,14,18,22,
27,28,37,41].

As the COVID-19 pandemic continues, further analysis is needed on
the effect of mitigation measures on perinatal outcomes, particularly for
those women who were in the first and second trimesters during the
strictest lockdown periods. The data to permit an analysis of high-risk
subgroups is not yet available. Future studies should carefully
consider the cohort design and analysis. A proposed study design to
address this could prospectively follow women from conception,
comparing mothers who conceived in the same period, rather than a
cohort based on delivery date.

Conclusions

Pooled analysis of population data during the COVID-19 pandemic
revealed a significant reduction in preterm births at less than 34 weeks
gestation in areas with high SARS-CoV-2 mitigation measures, such as
community lockdown. There was also a reduction in preterm births at
less than 37 and 34 weeks in singleton pregnancies, and in iatrogenic
preterm births at less than 37 and 34 weeks. No corresponding signifi-
cant effects were seen on stillbirth rates.

A prospective study design could permit the assessment of exposure
to mitigation measures during conception, first and second trimesters
and allow in depth analysis of the effect of these measures on perinatal
outcomes.
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